Abstract
INTRODUCTION
Ulcerative colitis (UC) is a chronic, idiopathic inflammatory bowel disease that is characterized by bloody diarrhea, colonic mucosal ulceration and, in severe cases, systemic symptoms. An abnormal immune response against antigens of the colonic microbiota in genetically predisposed individuals is suggested to be involved in the etiology of UC [1] . Several authors have proposed that such intestinal conditions are mediated by the activation of lymphocytes and non-lymphoid cells such as macrophages and neutrophils. Once a large number of neutrophils and macrophages are activated, these cells enter the injured mucosa of the large intestine, which leads to over-production of oxygen free radicals that can cause injury to target cells in inflamed tissue [2] . Many animal models have been designed to study pathogenic events during colitis development. The symptoms and colonic histopathology of the rodent colitis model induced by dextran sulfate sodium (DSS) salt resemble more human UC than other chemically induced colitis, and has become a research model for the pathogenesis of UC and for the development of new drugs [3] . In spite of several pharmacological treatments for UC, new therapies must be developed to increase the number and duration of remissions. In this regard, traditional medicine worldwide is nowadays being re-evaluated by extensive research on different plants and their therapeutic principles. Many plants produce antioxidant compounds to control the oxidative stress caused by sunbeams and oxygen, and represent a source of new compounds with antioxidant activity [4] . An aqueous stem bark extract from Mangifera indica (M. indica) L. (Anacardiaceae family) has been traditionally used as a nutritional supplement. The composition is a defined mixture of polyphenols, flavonoids, triterpenoids, steroids, phytosterols, fatty acids and microelements (mainly zinc, copper and selenium) [5] . The extract has been described as an antioxidant with antiinflammatory and immunomodulatory activities in several experimental settings [6] [7] [8] . In addition, some experimental models have demonstrated that M. indica extract (MIE) improves its effects when it is given on various days before the induction of damage [9] . For example, when administered orally 1 h before lipopolysaccharide (LPS), MIE inhibited LPS-induced tumor necrosis factor (TNF)-α production in mice dose-dependently with ED50 64.5 mg/kg. However, the extract inhibited the TNF serum levels but with ED50 37.4 mg/kg when it was administered orally during 7 d before LPS challenge. The increasing evidence related to the positive effects of natural compounds with antioxidant and anti-inflammatory properties on UC prompted us to investigate whether MIE could protect colonic mucosa of rats from damage induced by oral administration of DSS, using two different treatment protocols, and to elucidate the possible mechanism(s) involved.
MATERIALS AND METHODS

Materials
Twenty-eight male outbred Wistar Hannover rats (HsdRccHan:Wist, from Harlan Spain), initially weighing 190-200 g, were housed five per cage and maintained in an animal holding room controlled at a constant temperature of 24 ± 2℃, with a relative humidity of 70% ± 5% and a 12-h light/dark cycle. Animals were fed a standard pellet chow with free access to fresh tap water. All experimental protocols followed the guidelines of the Animal Welfare Committee of the Universidad Complutense according to European legislation (2003/65/EC). Chemicals were from Sigma (Spain) or as indicated.
Extract preparation
M. indica L. was collected from a cultivated field located in the region of Pinar del Rio, Cuba. Voucher specimens of the plant (Code: 41722) were deposited at Herbarium of the Academy of Sciences, Institute of Ecology and Systematics, Ministry of Science, Technology and Environment, La Habana, Cuba. Stem bark extract was concentrated by evaporation and spray-dried to obtain a fine brown powder, which is used as the standardized active ingredient of MIE formulations. It melts at 210-215℃ with decomposition. The chemical composition of MIE has been characterized by chromatographic (planar, liquid and gas) methods, mass spectrometry, nuclear magnetic resonance (NMR), and UV-V spectrophotometry (fully described in [5] ). The elemental inorganic composition has been determined by inductively coupled plasma spectrometry [6] . Extracts were prepared by suspending powder in 0.5% carboxymethylcellulose for oral administration and in melted suppository vehicle (Witepsol H15; Sasol, Witten, Germany) for rectal administration.
Colitis model
The experiment lasted for 21 d. The rats were randomly divided into four groups (Table 1) . Control, A and B groups received vehicle orally during 2 wk. Group C received MIE (150 mg/kg) orally once daily. At day 15, oral administration was stopped and colitis was induced by 4% DSS (MP Biomedicals) in drinking water during 7 d for groups A, B and C. The control group received water. At the same time, groups B and C were co-treated rectally with extract at an equal dose while the controls and group A received vehicle rectally.
Macroscopic assessments, including weight changes, visible fecal blood and stool consistency were determined. The severity of diarrhea was evaluated according to the following score: no diarrhea = 0; mild diarrhea = 2; severe watery diarrhea = 3; and severe watery diarrhea with blood = 4 [10] . Seven days after DSS (or 21 d from the onset of the study), animals were sacrificed after terminal anesthesia with sodium pentobarbital, and the entire colon was removed. The colon length was measured and colon samples were collected for biochemical determinations and histological assessment.
Histological assessment
Each removed colon was washed in saline solution and cut longitudinally. Distal fractions were immediately embedded in Tissue-Teck OCT (Sakura), frozen and cut in transverse sections (7 μm) in a microtome cryostat. Samples were mounted on glass slides, cleaned and stained with hematoxylin and eosin for histological evaluation. Each slide was coded and analyzed in a blinded fashion by two investigators who assigned to each sample a histological score based on mucosal injury, with particular attention paid to alterations of the colonic crypts and the presence of inflammation in the colon. Colonic epithelial damage was assessed as: grade 0, normal; grade 1, slight damage and a few inflammatory cells infiltrated in a small area of mucosa; grade 2, moderate damage in two or more areas of the mucosa, with slight bleeding of the submucosa and mild inflammatory infiltrate; and grade 3, severe damage of the mucosa that extended into the muscular mucosa, with loss of the epithelium, and a large inflammatory infiltrate [1] .
Myeloperoxidase activity
Immediately after removal, colon samples were minced on ice and homogenized (glass/glass) in 0.5% hexadecyltrimethylammonium bromide, 0.5% Nonidet P40 (Boehringer, Mannheim, Germany) in 20 mmol/L phosphate buffer, pH 6.0. The homogenates were then centrifuged for 20 min at 12 000 g. Tissue levels of myeloperoxidase (MPO) were determined in supernatants using hydrogen peroxide as a substrate for the enzyme. A unit of MPO activity was defined as that which converted 1 μmol hydrogen peroxide to water in 1 min at 40℃ [11] .
Lipid peroxidation
Lipid peroxidation was measured by the thiobarbituric acid test for malondialdehyde (MDA) following a previously described method [12] with some modifications. Colonic samples were homogenized (glass/glass) in 10 vol 50 mmol/L phosphate buffer and deproteinized with 40 % trichloroacetic acid and 5 mol/L HCl, followed by addition of 2 % (w/v) thiobarbituric acid in 0.5 mol/L NaOH. The reaction mixture was heated in a water bath at 90℃ for 15 min and centrifuged at 12 000 g for 20 min. The pink chromogen was measured at 532 nm in a Beckman DU-7500 spectrophotometer. The results were expressed as nmol/mg protein.
Glutathione determination
Reduced glutathione (GSH) levels were determined in accordance with a procedure described by Kamencic et al [13] . Frozen colonic samples were homogenized (glass/glass) in 20 vol cold 50 mmol/L Tris buffer, pH 7.4. Homogenates were centrifuged at 12 000 g for 20 min and the supernatants were collected. The samples were then treated with monochlorobimane (mCB) 100 μmol/L and glutathiones-transferase 1 U/mL, and were incubated at room temperature for 30 min. The GSH-mCB adducts were measured in a Labsystems Fluoroskan reader with excitation at 380 nm and emission measured at 470 nm. Concentration of GSH in samples were calculated by standard curve of GSH and expressed as μg/mg protein.
Western blotting analysis
To determine the levels of inducible nitric oxide synthase (iNOS), inducible cyclooxygenase (COX)-2, TNF-α and its receptors TNF-R1, and TNF-R2, tissues were homogenized at 4℃ in 5 vol buffer that contained 320 mmol/L sucrose, 1 mmol/L, DL-dithiothreitol, 10 μg/mL leupeptin, 10 μg/mL soybean trypsin inhibitor, 2 μg/mL aprotinin and 50 nmol/L Tris brought to pH 7.0, and supernatants after centrifugation at 12 000 g for 20 min were used. The supernatants were diluted (Laemmli) and heated at 90℃ for 10 min. After loading (20 μg protein), proteins were sized-separated in 10% or 14% (for TNF-α analysis) SDS-PAGE (90 mV). The gels were processed against the antigens and after blotting onto a polyvinylidene difluoride membrane (Millipore, Bedford, MA, USA), they were incubated with specific goat polyclonal anti-rat COX-2 (1:1000), rabbit polyclonal anti-rat iNOS (1:1000), polyclonal rabbit anti-rat TNF-α (1:1000), polyclonal rabbit anti-rat TNF-R1 (1:500) and polyclonal rabbit anti-rat TNF-R2 (1:500) antibodies (all from Santa Cruz Biotechonology, Santa Cruz, CA, USA, except antirat TNF-α that was purchased from PeproTech EC). The correspondent peroxidase secondary antibody was used and proteins recognized by the antibody were visualized on X-ray film by chemiluminescence following the manufacturer's instructions (Amersham Ibérica, Madrid, Spain). Autoradiographs were quantified by densitometry (Software Total Lab Dynamics Ltd, Phoretix, Newcastle, UK), and several time expositions were analyzed to ensure the linearity of the band intensities.
Detection of serum TNF-α and interleukin-6
ABC-ELISAs of double antibodies sandwich were adopted for determination of the two cytokines (kits were obtained from R&D Corporation).
Statistical analysis
All results are presented as mean ± SE. Data were ana- lyzed using the Graph Pad Prism 4 statistical software. One-way analysis of variance followed by Newman-Keuls test were used for statistical evaluation of the parametric data. Non-parametric data were analyzed by KruskalWallis one-way analysis followed by Dunn's test. P < 0.05 was considered as statistically significant.
RESULTS
General observations
None of the animals in the four experimental groups died throughout the experiment. The intake of drinking water in the three groups administered with DSS (A-C) decreased significantly from the beginning compared with that in the control group (data not shown). The weight gain of rats in the DSS group (A) was significantly lower than in the control group. Administration of MIE in the both pre/cotreated (C) and co-treated only (B) groups prevented this effect ( Figure 1 ). On the other hand, all groups with DSS exhibited an increase in diarrhea and rectal bleeding from day 4 post-DSS until the end of experiment. However, in the case of group C (pre/co-treated group), diarrhea score was found to be less severe than in the DSS group (A) at days 4 and 5 post-DSS. Group B did not show any significant differences compared to the group that received DSS alone (Figure 2A ). Colon length is a useful assessment of colitis and it is considered as a marker of inflammation. As shown in Figure 2B , 7 d after DSS administration, there was a significant shortening of the colon length in the group given DSS only (group A: 14.1 ± 0.1 cm) compared with the control group (17.4 ± 0.2 cm). In both pre-and cotreated groups (C and B), MIE significantly improved this inflammatory marker.
Histological findings
The occurrence of UC was corroborated on the basis of histological damage and inflammatory infiltrate as shown in Figure 3 . Figure 3D summarizes the microscopical damage scores from DSS rats and DSS rats treated with MIE. The control group exhibited normal mucosal morphology. Rats that received DSS and vehicle (group A) showed extensive mucosal damage with a large number of inflammatory cells, obtaining as a result, the highest score in the microscopic analysis. MIE in both treatment protocols (groups B and C) decreased the grade and number of ulcerations and diminished the inflammatory infiltrate.
Effect of MIE on MPO activity DSS colitis was also characterized by increased MPO activity in colonic tissue, an indicator of polymorphonuclear leukocyte accumulation. The DSS group (A) showed a significant elevation of MPO levels in colonic tissue (21.1 ± 2.7 mU/mg), P < 0.05 vs the control group. The increase observed in the DSS group was clearly diminished by both treatments with MIE as shown in Figure 4A .
Effect of MIE on lipid peroxidation
The effect of MIE on lipid peroxidation -an indicator of cell membrane damage as a result of oxidative toxicityin rats treated with 4% DSS is shown in Figure 4B . In the DSS-induced colitis rats, the level of TBARS was significantly increased (0.71 ± 0.07 nmol/mg) when compared with the control group (0.41 ± 0.05 nmol/mg). Although previous administration of MIE resulted in a reduction in TBARS level (group C, 0.4 ± 0.04 nmol/mg), co-treatment with MIE (group B) did not decrease TBARS level (0.57 ± 0.16 nmol/mg) compared with that in the DSStreated rats.
Effect of MIE on GSH levels
GSH is one of the most important endogenous antioxidants. Figure 4C shows a significant decrease of GSH in group A (1.68 ± 1.4 μg/mg) compared to the control group (10.55 ± 1.6 μg/mg). In this case, there were no significant differences between the DSS group and group B (co-treated but not pre-treated with 1.91 ± 0.4 μg/mg MIE). However, the administration of MIE prior to 4% DSS resulted in an increase in GSH level (7.80 ± 1.91 μg/mg) compared with that in the 4% DSS treatment group.
Effects of MIE on expression of iNOS and COX-2
When rats were treated with 4% DSS, the levels of inflam- Effect of Mangifera indica L. on myeloperoxidase activity, lipid peroxidation and glutathione levels in dextran sulfate sodium-treated rat colon tissue. Induction of experimental colitis, the control group, and groups A, B and C were as described for Figure 1 . Each bar represents the mean ± SE of each group. a Significant differences vs control group; c Significant differences vs group A; P < 0.05. A: Myeloperoxidase (MPO) levels were determined; B: Lipid peroxidation was estimated according to the presence of thiobarbituric acid reactive substances (TBARS); C: Glutathione (GSH) levels were determined. MIE: Mangifera indica L.; DSS: Dextran sulfate sodium. mation-related proteins (iNOS and COX-2) in colonic tissue were significantly increased ( Figure 5 ). In the case of iNOS, both treatments with MIE resulted in a decrease of expression. However, for COX-2 expression, attenuation of band intensities was observed only in group C (pretreated group).
Effects of MIE on expression of TNF-α and TNF receptors
Administration of 4% DSS induced a significant increase in TNF-α ( Figure 6, lanes 3-5) and TNF R-2 in inflamed tissue ( Figure 6, lanes 3-6) . Treatment with MIE 15 d before 4% DSS resulted in a gradual weakness of band intensities for TNF-α and TNF R-2. Relative band intensities of increased TNF-α and TNF R-2 expression caused by DSS were reduced by prior treatment with MIE (group C) in 17.8 and 22.8% respectively vs DSS. There were no significant differences between relative intensities in group B compared with the group treated with DSS alone. Expression of TNF R-1 was not affected by DSS supplementation.
Effect of MIE on TNF-α and interleukin-6 serum levels
Based on the effects of MIE given before colitis induction (group C) on tissue cytokine expression, we tested the systemic levels of cytokines. Administration of 4% DSS produced an increase in TNF-α serum levels (46.2%), whereas interleukin (IL)-6 serum levels showed a tendency to elevation in group A (treated with DSS alone) but this was not statistically significant (18.1%). Treatment with MIE, before DSS intake, clearly decreased TNF-α levels by 44.3% and reduced IL-6 serum levels (down to control serum levels) by 58.8% (Table 2) .
DISCUSSION
UC is a chronic, relapsing disease that causes inflammation and ulcerations of the colonic mucosa with a variable extent and severity. The etiology of UC remains essentially unknown but the results from many studies in humans and animal models suggest that it is related to an abnormal immune response in the gastrointestinal tract, possibly associated with genetic and environmental -mainly microbial -factors [14] . Aminosalicylates, glucocorticoids and immunosuppressive drugs have been mainly used for the treatment and maintenance of remission of UC, but the side effects or toxicity of these drugs represents a major clinical problem [15] . For these reasons, natural medicine has become an alternative therapy in addition to the conventional therapies that are used to treat UC [16] . In the present study, we demonstrated that MIE has an anti-inflammatory effect on colonic injury provoked by oral supplementation with DSS in rats, mainly when it is administered before the induction of damage. DSSinduced colitis is a well-established model that is phenotypically similar to UC in humans [17] . Oral administration of DSS for several days, leads to colonic epithelial lesions and acute inflammation characterized by the presence of neutrophils and macrophages within damaged segments. The reason for the deleterious effects of DSS is not well understood, however, epithelial cell permeability and macrophage activation have been proposed as potential mechanisms. We administered M. indica extract in two different protocols to evaluate the role of pretreatment with this product. The decrease in colitis induced by MIE was accompanied by a lower weight loss of rats and a partial 4927 October 21, 2010|Volume 16|Issue 39| WJG|www.wjgnet.com Results are presented as % of control group, mean ± SE of each group. a P < 0.05 (n = 8 in both groups). TNF-α: Tumor necrosis factor-α; IL-6:
Interleukin-6. 
Figure 5
Effect of Mangifera indica L. on isoforms of nitric oxide synthase and cyclooxygenase-2 production in dextran sulfate sodium-treated rat colon tissue. Induction of experimental colitis, the control group, and groups A, B and C were as described for Figure 1 . The protein extracts were obtained as described in the Materials and Methods. b-actin was used as an internal control. Expression of isoforms of nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2 proteins were analyzed by Western blotting using iNOS and COX-2 polyclonal antibodies. The relative intensity was calculated using imaging software. Each bar represents the mean ± SE of each group. a Significant differences vs control group; c Significant differences vs group A; P < 0.05.
restoration of colon length, which is an indirect assessment of colon inflammation. However, a decrease in the occurrence of diarrhea was only observed when MIE was administered before DSS. Confirming clinical results, microscopic analysis established a protective action of MIE, which was measured as a decrease in ulceration, conservation of epithelial crypts, and a reduction in infiltrated cells. These effects were more evident in the pretreated group. The infiltration of leukocytes into the mucosa contributes significantly to the tissue necrosis and mucosal dysfunction, as they represent a major source of reactive oxygen species (ROS) [18] . MPO is an enzyme that is found predominantly in neutrophils, and a good marker of inflammation and tissue injury. Therefore, the decrease of MPO activity can be explained through the reduction of neutrophil accumulation in inflamed tissue [19] . In addition, oxygen radicals and NO can interact and exert a cytotoxic effect by causing lipid peroxidation, which results in the formation of MDA [20] . Our results showed that MIE in both treatment protocols inhibited MPO activity, whereas the decrease in MDA production was only observed when animals received MIE before DSS administration. A decrease of MPO activity with MIE treatment in different experimental models of inflammation (ear and paw edema) has been described [21] . In addition, several studies have established the high antioxidant capacity of the extract by blocking oxygen radical formation [22, 23] . The mechanism involved is associated with the antioxidant activity reported for mangiferin, which has a low redox potential that proves its ROS scavenger ability [24] . Therefore, the antioxidant capacity of the extract, administered prior to colitis development, probably leads to a decrease of lipid peroxidation and MPO activity. However, the results presented here indicated that cotreatment with MIE was not sufficient to reduce MDA levels. This could be related to the necessary oxidative pre-conditioning that has been described for many antioxidants [25] . We hypothesize that MIE could be useful in the prevention of relapse in patients with quiescent UC.
Furthermore, the increased generation of highly toxic ROS in UC exceeds the limited intestinal antioxidant defense system, thereby contributing to intestinal oxidative injury. Glutathione, as the most abundant cellular antioxidant system in animal cells, plays an essential role in modulating cell responses to redox changes [26] . GSH deficiency predisposes animals to organ failure and death after an otherwise nonlethal period of hypotension [27, 28] . GSH deficiency is associated with severe injury such as inflammation and sepsis, therefore, treatment strategies that maintain GSH stores might decrease the incidence of organ failure. Our findings demonstrated that MIE administered before colitis induction produced a significant increase in GSH levels, which were probably associated with the radical scavenger capacity of the extract Figure 6 Effect of Mangifera indica L. on tumor necrosis factor-α and tumor necrosis factor receptor production in dextran sulfate sodium-treated rat colon tissue. Induction of experimental colitis, the control group, and groups A, B and C were as described for Figure 1 . The protein extracts were obtained as described in the Materials and Methods. b-actin was used as an internal control. Expression of tumor necrosis factor (TNF)-α and TNF receptor proteins was analyzed by western blotting using TNF-α, TNF R-1 and TNF R-2 polyclonal antibodies. The relative intensity was calculated using imaging software. Each bar represents the mean ± SE of each group. a Significant differences vs control group; c Significant differences vs group A; P < 0.05.
and the protection of thiol groups described by numerous polyphenols [29] . Polyphenols are the main constituent of MIE (around 50%) [5] . Moreover, pathological invasion of inflammatory cells into the mucosa produces increased concentrations of inflammatory cytokines such as interleukins, TNF-α and interferon-γ [30] . Pro-inflammatory cytokines induce the expression of genes associated with inflammation, such as iNOS, and stimulate iNOS activity, which increases the production of the free radical NO [31] . Studies in knockout mice have demonstrated that iNOS plays an important role in the pathogenesis of colitis [32] , and the role of iNOS in the pathogenesis of human UC has been previously suggested [33] . In the present study, MIE inhibited iNOS expression, as described in other inflammatory experimental settings [34] . In addition to iNOS, DSS-induced expression of COX-2 was also inhibited by prior administration of MIE. Previous studies in endotoxin-stimulated macrophages also have demonstrated that MIE inhibits COX-2 protein and mRNA levels, but at doses higher than those required for iNOS inhibition, which suggests that longer treatments or higher doses of MIE than those needed for inhibition of COX-2 [34] are necessary. This might explain the lack of effect when the extract was administered only in the co-treatment regimen. The synthesis and activity of iNOS and COX-2 are induced by almost the same pro-inflammatory stimuli and are associated with inflammatory conditions. Therefore, it is possible that inhibition of iNOS and COX-2 induced by prior treatment with MIE could provide the most potent antiinflammatory effect.
On the other hand, TNF-α has been described as a key molecule in UC pathogenesis, and a monoclonal antibody against this molecule, such as infliximab, has proven to be effective in the treatment of moderate to severe UC [35] . This cytokine, by interaction with its receptors Ⅰ and Ⅱ, recruits leukocytes to inflammatory sites, stimulates monocytes and vascular endothelial cells to express cytokines, induces the cascade effects for other cytokines, and finally results in inflammatory lesions in tissues [36, 37] . Our results demonstrated that prior administration of MIE inhibits DSS-induced increased TNF-α and TNF R-Ⅱ expression. TNF R-Ⅰ is expressed constitutively, whereas TNF R Ⅱ is induced by diverse stimuli and plays a key role in the local inflammatory response [38] . Previous in vivo and in vitro studies have appointed MIE as a potent TNF-α inhibitor [9] and some polyphenols structurally related to those present in MIE inhibit lymphocyte proliferation and cytokine production [39, 40] . Moreover, the reduction of TNF R-Ⅱ receptor expression seems to enhance the inhibitory action of the extract on the TNF-α signaling system.
The reduction of inflammatory enzymes iNOS and COX-2, TNF-α and TNF R-Ⅱ expression induced by MIE can be correlated with its antioxidant properties. The effects of antioxidant agents have been ascribed by some authors to inhibition of activation of the nuclear transcription factor nuclear factor (NF)-κB, which is activated by ROS with the subsequent induction and expression of various cytokines (such as TNF-α) and enzymes (i.e. iNOS and COX-2) [41, 42] that are involved in the induction and development of UC. Although in vitro studies have demonstrated that MIE inhibits NF-κB in macrophages [43] , further research is necessary to demonstrate that MIE exerts an inhibitory effect on NF-κB signaling pathways.
In addition, TNF-α and IL-6 serum levels were determined in our study. Administration of DSS produced an increase in systemic TNF-α levels, which was reversed by prior administration of MIE. This fact is probably associated with the molecular changes found in the local inflammatory focus. Although several studies have establish an increase in IL-6 serum levels after DSS supplementation [3, 44] , our results demonstrated a non-significant tendency to increase IL-6 levels in serum. Nevertheless, prior administration of MIE produced a significant decrease in this cytokine. A previous study has demonstrated the ability of MIE to modulate macrophage function through inhibition of chemotaxis and phagocytosis [43] . Macrophages are one of the main sources of cytokines (i.e IL-6 and TNF-α), therefore, a possible modulation of macrophage activity by MIE could influence the decrease in cytokine production. This result suggests an important role for MIE as a modulator of the immune system and should be taken into account for future investigations.
In conclusion, the results showed that MIE administered in co-treatment regimens is able to prevent body weight loss and colon shortness, as well as modulate MPO activity and reduce iNOS expression levels. However, when MIE is administered before DSS damage, its protective effects are broader and enhanced, as demonstrated by a decrease in diarrhea and lipid peroxidation; an increase in GSH levels; a decrease in iNOS, COX-2, TNF-α and TNF R-Ⅱ expression levels, as well as a reduction in TNF-α and IL-6 serum levels.
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Background
Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) that is characterized by bloody diarrhea, colonic mucosal ulceration and, in severe cases, systemic symptoms. An exaggerated immune response against antigens of the colonic microbiota in genetically predisposed individuals is suggested to be involved in the etiology of UC. Current available treatment includes antiinflammatory and immunosuppressive agents, all of which have many adverse reactions after long-term treatment to prevent remissions of the disease.
Research frontiers
New therapies must be developed to increase the number and duration of remissions. In this vein, traditional medicine around the world is now being re-evaluated by extensive research on different plants and their therapeutic principles. Many plants produce antioxidant compounds to control oxidative stress. An aqueous stem bark extract from Mangifera indica L. (MIE, Anacardiaceae family), has been traditionally used as a nutritional supplement. The composition is a defined mixture of polyphenols, flavonoids, triterpenoids, steroids, phytosterols, fatty acids COMMENTS and microelements (mainly zinc, copper and selenium). The extract has been described as an antioxidant with anti-inflammatory and immunomodulatory activities in several experimental settings.
Innovations and breakthroughs
MIE has an anti-inflammatory effect on colonic injury in a rat model of UC, mainly when it is administered before the induction of damage. The decrease in colitis induced by MIE was accompanied by a lower weight loss of rats and a partial restoration of colon length, which is an indirect assessment of colon inflammation. Furthermore, a decrease was also observed in occurrence of diarrhea, which is the main clinical finding. By confirming the clinical results, microscopic analysis established protective activity of MIE, as measured by a decrease in ulceration, conservation of epithelial cells, and a reduction in infiltrating cells. Finally, MIE modulated most of the inflammatory mediators in colitis: inducible nitric oxide synthase (NOS), inducible cyclooxygenase (COX), and consequent lipid peroxidation. MIE inhibited two of the main inflammatory cytokines, tumor necrosis factor (TNF)-α and interleukin (IL)-6.
Applications
MIE is able to prevent body weight loss and colon shortness, as well as decrease some of the intra-and intercellular mechanisms of inflammatory damage in the colon, in an animal model of UC. In this way, this study might represent a future strategy for therapeutic intervention in the preventive management of patients with UC.
Terminology
NOS and COX are two enzymatic sources of inflammatory mediators, and their activation leads to an increase in reactive oxygen species, which can damage cells. Peroxidation of lipid components of the cell membranes is the result of this damage. Cytokines are a family of pleiotropic intercellular proteins, mainly in immunological cells, and most of them are pro-inflammatory, such as TNF-α and IL-6.
Peer review
This is a novel and interesting study that demonstrates the anti-inflammatory effects of MIE on colonic mucosa in a DSS colitis model in rats. The results are important and potentially relevant for designing therapy in IBD. The results have are well presented and support the authors' conclusions. However, the addition of another colitis model would improve the paper.
